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12/31/62

Annual average - $22, 000. 00

CONTRACTOR: University of Pennsylvania

PRINCIPAL INVESTIGATOR:( / Herman P. Schwan2

Assistants: Antharve di Anne,"/
Lawrence D. Sher

TITLE OF PROJECT: Non-Thermal Effects of Alternating
Electrical Fields on Biological _J
Structures.

Objectives: To investigate experimentally and
the oretically non-thermal effects of
alternating electrical fields on bio.-
logical structures.

ABSTRACT (OR SUMMARY) OF RESULTS:

a. Since, start of protect:

See annual reports for 1952 through 1961.

b. D ing current reoort period:

1) A theory of pearl-chain formation , describing, from fundamental
physical principles, the process whereby small particles align under the
influence of an alternating electrical field, was developed and reported in
196.". It treated two cases by methods which, although difficult, were vir-
tually exact:__'

(4"'Perfectly conducting particles suspended in a perfect dielectric
fluid; --

_{6)- Perfect dielectric particles suspended in a perfect dielectric
fluid. •,

-The goal hi these theoretical studies was to give an expression for the
threshold field strength for pearl-chain formation in order to evaluate its
biological significance. Also an approximate solution, assuming a dipole-
dipole interaction betw;1kthe two spheres in the theoretical model was
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dtveloped to give. the threshold field strength in a convenient, closed form
for case (b). Comparison of exact and approximate theoretical solutions
for this case showed agreement within the expected experimental error.
The developmnent of a similar approximate, solution for the most general
case:

(o) Particles and suspending fluid characterized by
arbitrary dielectric constants and c onductivitie s,

had to await the- developmenit of a theoretical expression for the electri-
cal potential energy which enters into the. Boltzmann Principle as applied
to the tw~o-particle model of pearl-chain formation. This expression was
derived near tht:- end of 1961.

An approx-i~mate solution. for the gentral case (c), again assuming
adlipo1e -dipole .ra:tohas rnot been dtveloped. Although there is

!,o exact thoe~lsol-atlon ava-,lable wilth which to asses.3 the validity
of the, approx'irnat-on, -it may he expt~ctiid to~ htave an error which is not
greater tat1-.;;rn-,; nable approximation in case ()

r->ýrimental mea-uremf-nts 2iav.e been made of th-e threshold fitld
strýength for ealc'nformation in cases (`_) an~d ~c.Agree~ment with
Qth thco:L'y is within thfe exiperimtent31 !:-:ror iŽ.reh~rnt in the se measure-
mnents.

A thieory P.as a!8o been developed to descr.Ibe the! field strength
ne-esary to ca2eo!-Intation of a ý-ingle sphe~roid3.l particle with thet
dir2ec~tion of the. applitd field. The o:-e ti-:ally -it -is expnzted that for a given
suF~pýn~sion of uniform spharoldal particles, the rý,tlo of the thresghold for
p'ýa~rl.-(cI.ain fo~rmation to that for' or~tto iho'xld beý almost completeý-ly
determinaed ly t:` eccard of thF atiz± EypýYrnmerta~l verificatilon
of this. predict-ilfnha beern olhtained. Or!,:ýrt 'Ion occ~urs ;irst, th-n- pearl-.
4l.ain formatilon, as the field r~trangth il i.,reased.
2) A ma:±uszzript, "Electrical PcLiof thfe Membranes of thý,
Pleuroneumnon-la -like Organism A 59691', has been prepared and publis.:hed
in the Biophysical Journal. It reports on the imptdance studies of the PPL-
Organism myenti.oned in the previous summary.
3) A mantisr ipt entitled, "A Model for Pearl Chain Formation: (1) Two
perfectly conducting spherEs"11. has been prepared. It summarizes our
previous work on phase (a), -item 1, mentioned above.

DETAILED PROGRE'SS REPORT

1.. Theoretical and experimental studios on pearl-chain formation and
orientation:

The-se staxdies have been submitttd and accepted as a doctoral thesis
by L. D. She. !onder the title, "Me .;hanllcal Effects of AG Fields on Parti-
cles Dispnrsed 'in a Liquid; Biological Implications. 11 Copies of this thesis'
will be uubmfttf~d as technical report No. 37.
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2. Electrical Properties of the Membranes of the Pleurppneumonia-like
Organism A 5969:

Details of this work, published in the Biophysical Journal, Vol. 2,
Nrnber 5, pp, 395 - 407, September 1962 are being submitted in the form
of reprints as Technical Report No. 35.

3. Theoretical and experimental studies of the scattering and absorption of
microwave energy from lossy dielectric objects.

Health hazards, resulting from the exposure of mankind to strong

sources of nor. ionizing electromagnetic radiation, have been discussed

by several investigators. The harmful effects of excessive amounts of

radiation either result from a general rise in total body temperature or

are limited to sýelectivt temperature rises of sensitive pars of the body

such as the e,,.;. Pre~ent indications are that the effects of such radia-

tion are caused solely by the heat resulting from the absorbed energy.

it has been assumed, in the case of total body irradiation, that a fever

corresponding to a temperature rise greater than 10 C is intolerable. Eye

cataracts are produced when the eye temperature elevation is of the order
of 10 0 C. it thus appears that significant body temperature rise' is the

serious hazard whenever substaintial parts of the body are exposed so

that conditions of total body irradiation are approximated. Based on this

concept Schwan recommended a tolerance dosage of 10 milliwatts per

snuare centimeter of total body absorption for the frequency range of

interest to manakind. If one wishes to interpret this tolerance dosage in

terms of the free field values of power density, which is easily measured,
the absorption properties of mankind should be known.

J

Schwan and Li have calculated the percentage of airborne radiation

that is absorbed by the human body, on the assumption that the body ex'-
tremities could be ignored and the trunk of the body could be approxi-
mated by a three layer infinite plane slab made up of skin, subcutaneous

fat and deep tissue such as muscle. They found that percentage of ab-

sorbed energy may vary from 20 to 100 pe, .. t depending on frequency,

fat thickness and skin thickness.

This work has been primarily supported by the Air Force. How-
ever, since 1961 funds from ONR have been used exclusively for this pro-
ject. A detailed report, including both ONR and Air Force supported
phases, will be, submitted as Technical Report No. 36. These studies
have been submitted and accepted as a doctoral thesis by A. Anne under
.h.!, title, " Scattering and Absorption of Microwaves by Dissipative
Dielectric Objects: The Biological Significance and Hazards to Mankind"
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The object of Repcrt No. 36 is. to study theoretically and experi-
mentally the effects of body curvature and size and its extremities on
the percentage of airborne energy that is absorbed by mankind.

PLANS FORP FUTURE

Further experimental work about the threshold of "pearl-chain
formation" will be conducted. Experimental work concerned with the
time required for "pearl-chain formation" is also planned. The possi-
bility of reorieinting or rearranging macro molecular constituents by
plse•d fields will be considered.
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